This paper proposes an adaptive GOP structure with the new logic of frame comparison in H.264/AVC to achieve better quality and reduce bit rate. Initially Group of Pictures (GOP) is set to a fixed size. Frames are compared within that GOP using correlation. According to the correlation, GOP is changed within that fixed size. So, there will be no GOP size greater than that fixed size. This method does not calculate any threshold. Hence the time needed to calculate global or local threshold is eliminated. It is integrated with conventional video codec H.264/AVC. This method is compared with H.264/AVC of fixed GOP structure of sizes 4, 8, 12, 16, 32 and GOP structure with the length of entire video. The proposed method achieved gain in bit rate from 0.49% to 69.75% and PSNR gain from 2.5% to 0.3%.
INTRODUCTION
In the multimedia technology, digital video is used widespread. To satisfy the needs of the user in terms of transmission speed, quality and available resources, the efficiency of video coding became very important task. The most popular video coding standard is H.264/AVC [1] , [2] which is widely used in digital broadcasting. In H.264/AVC, there are several features which satisfy the need of the user. Features include motion estimation, motion prediction, multiple reference frames, variable block sizes etc. [3] .
Video sequences have two types of redundancy namely spatial and temporal redundancy [4] . Encoder should eliminate those redundant parts in the video to achieve highest bit rate. For spatial redundancy, Intra prediction coding is used. For temporal redundancy, Inter prediction coding is used conventionally. For Inter Prediction Coding technique, inter frames are compared to avoid redundancy between frames. Hence in H.264/AVC, video sequence is divided into Group of Pictures (GOP). If GOP size is 4, arrangement of pictures will be "IBBPBBP". In the GOP structure, three different picture types I-, P-and B-frames are used. I-frames use intra prediction. P-frame is predictive coded picture with inter prediction from previous I or P picture. B-frame is bidirectional coded picture with inter prediction from previous I-or P-frame and future P-frame. Since I and P picture are coded from other reference frames, they are called core pictures.
In H.264 video codec, the arrangement of picture types is arranged in periodic form. Video sequence is divided into fixed group of pictures (GOP). There are several methods to decide a GOP structure [5, 6] . The optimal number and positions of P frames in a GOP from possible candidates are searched by solving minimization problem with Legrange multiplier method [5] . This method is optimal, but calculation cost is high. The method in [6] derives a coding gain which is a function with an inter-frame correlation coefficient. This method requires preanalysis to calculate an inter-frame correlation and it also has to search the best GOP.
Fixed GOP structures prevent encoders to improve coding efficiency for B frames, since P frames are not chosen according to the motion. In video sequence, scene changes from frame to frame. If GOP is fixed, it leads to poor performance. If two frames changed and frames are coded using inter frames, it will become inefficient. It is necessary to adapt the size of GOP structure. Adaptive GOP structure is implemented in H.264/AVC [7] . Each frame is compared with its motion compensated frame which takes more time. And, only I and p frames are used in [7] Bit rate Vs GOP Size leads to higher bit rate. B frames are used to improve coding efficiency of temporal redundancy. If GOP size is large, quality of the video after decoding will be low and bit rate will be reduced. If GOP size is small, quality of video increases and bit rate also increases. The relationship between GOP size, PSNR and GOP size, bit rate is shown in Fig.1 . I and P pictures are used for motion compensation for B frames. B frames should be decoded with high quality. If P pictures are selected according to the motion in the video, blocks for B frames are matched with most approximate blocks from P frames. Hence, if the GOP is adaptive to motion in the scene, coding efficiency will be improved. This paper proposes a new logic for comparison of frames. P-frames are identified based on change in scene. Scene changes are calculated using Pearson Correlation Coefficient. Unlike conventional frame comparison, no consecutive frames are compared. This method is integrated with H.264/AVC. Finally results are compared with fixed size of GOP in H.264/AVC.
The rest of the paper is organized as follows: Section 2 describes overall architecture of the system. Section 3 illustrates the algorithm of frame comparison for adaptive GOP structure. Section 4 tells how H.264 is integrated with the system. Section 5 demonstrates the experimental results of SVC followed by conclusion in section 6.
SYSTEM ARCHITECTURE
The overall System architecture is shown in Fig.2 . The input video sequence is given to encoder for encoding I th Frame. GOP Size is determined by the Adaptive GOP algorithm from the input sequence during encoding process. Adaptive GOP algorithm sends side information to the decoder which contains GOP size for the entire video sequence. H.264 Decoder uses this side information to decode the video sequence.
ADAPTIVE GOP STRUCTURE
Scene changes from frame to frame in a video sequence. But all the changes are not visually identified. The logic of frame comparison is illustrated in Fig.3 . In this paper, no two consecutive frames are compared. Initially, GOP size is fixed to 7. This is because, if the GOP size is set to adaptive, there is a chance to get larger size of GOP which leads to lower PSNR. This method will have adaptive GOP size but not greater than 7. For evaluating the similarity of frame and its prediction, Pearson Correlation Coefficient is chosen. Pearson correlation coefficient is widely used to measure the similarity of two frames for cut detection [8] . The value of Pearson Correlation Coefficient can fall between 0(no correlation) and 1(perfect correlation). Correlations above 0.80 are considered as really high and lowest values will be determined as cuts [8] . The Pearson correlation coefficient for 2D signals like video sequences is expressed as follows [8] .
Fig.3. Frame comparison process
In the initial GOP, 1 st frame is compared with last frame in GOP. If the correlation between them is high, last frame is selected as P frame and GOP is set to 7. If the correlation is low, then the previous frame in the GOP is compared with 1 st frame. This process is repeated till we reach the frame next to 1 st frame in the GOP. After setting GOP size, it is given to encoder. Next 7 frames are processed again starting with the one selected in the previous process. This process is repeated till end of the video sequence is reached. Fig.4 illustrates the process by which the GOP is fixed adaptively. At each step, the correlation factor given in Eq.(1) is computed.
INTEGRATION WITH H.264
This method is integrated with H.264/AVC JM 11.0 reference software five conditions of H.264/AVC [9] . The process of H.264 video codec is explained in [1] . Following conditions of H.264/AVC encoder were performed for each simulation: 
EXPERIMENTAL RESULTS
Adaptive GOP structure results are compared with fixed GOP. Results are displayed in Fig.5 . It is Suzie sequence which has 2 scenes: Suzie having receiver near her ear and put off the phone. In this sequence, scene change happens when the receiver is moved away. Fig.5 shows how fixed GOP and adaptive GOP algorithms work. PSNR gain and Bit rate gain are compared with the situation, when whole sequence is coded with only one I frame and the rest are P frames, (IPPP...). With effort to provide similar comparison as in [10] , adaptive GOP was additionally compared with fixed GOP structures of size 4, 8, 12, 16 and 32. From the observation, PSNR for fixed GOP of size 4 is high of all fixed size. Proposed method's PSNR is higher than fixed size GOP of size 4. Bit rate is less in IPPP GOP structure when compared with all other fixed GOP structure. Proposed method achieves higher bit rate than that. The results obtained during simulations are shown in Table. 1.
The highest PSNR and the smallest bit rate were achieved by proposed method of adaptive GOP structure. The improvement is more significant for bit rate. Time taken for fixing adaptive GOP size is similar to fixed GOP size.
The Fig.6 shows the results obtained by fixed GOP structure and Adaptive GOP structure in charts. From the figure, it is evident that PSNR is very high when GOP size is 4. But the proposed method yields higher PSNR than that. And, bit rate is very well reduced in case of 'IPPP' GOP structure. The proposed method achieves still lesser bit rate. Fig.6 . Charts comparing (a). PSNR for fixed GOP structure and Adaptive GOP structure, (b). Bit rate for fixed GOP structure and Adaptive GOP structure
The Table. 2 shows gain in PSNR and bit rate of Adaptive GOP structure in comparison to fixed GOP. The gain is calculated from the PSNR and bit rate values for fixed and adaptive GOP sizes in Table. 1. Proposed method achieves PSNR gain from 2.5% to 0.3% and reduction in bit rate from 0.49% to 69.75% 
CONCLUSION
In this paper, an adaptive GOP structure is used to improve coding efficiency of H.264/AVC while maintaining the quality of the video sequence. The novelty of this method is in using a method of frames comparison and in adapting GOP structure to the video characteristics. There are many advantages in this method. First, there is no consecutive frames comparison which leads to reduction in time. There is no pre-processing such as threshold calculation. Third, this method avoids GOP of larger length (more than 7), which achieves better quality. Fourth, it uses B-frames which are not used in [7] . This achieves higher bit rate.
Experimental results prove the efficiency of this method in comparison with fixed GOP structures of sizes 4, 8, 12, 16, 32 and length of the whole video sequence. Bit rate reduction is obtained by adaptive GOP differs from 0.49% to 69.75% while providing PSNR gain from 2.5% to 0.3%.
In further research, the influence of various quantization parameters can be examined. 
